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EEGIILATORY C ASSETTE FOR EX PRESglON INJECTORS 
Field of th e Inve ntion 

This invention relates to a regulatory cassette (or 
5 unit) which can be used to construct expression vectors 
which can be transferred into and maintained in a variety 
of microorganisms . Such expression vectors, under the 
control of the cassette, enable the microorganisms to 
produce desirable biological products in an efficient 

10 manner. 

Background of the Invention 

Bacterial expression systems which are controlled by 
the insertion of regulatory genes are known. For 
example, there are systems which are designed for the 

15 regulation of E. coli genes. However, there are few 
expression vectors for gram-negative, non-enteric 
bacteria. An example of such an organism is Xanthomonas 
which produces the extracellular polysaccharide xar.than 
used in microbiologically-enhanced tertiary oil recovery. 

20 Xanthan gum also has widespread use as a food additive 
and as a lubricating agent. Other examples of organisms 
which secrete products of commercial importance are 
Acinetobacte r which produces polysaccharides which can be 
used for cleaning oil spills, Azctobacter which 

25 synthesises compounds of use as food additives, Erwinia 
which secretes pectins of use for clarifying fruit 
juices, and Pseudomonas which has a wide range of 
metabolic activities which can be employed in 
bio-transformation processes. 

30 There are few expression vectors which are regulated 

by cheap, readily-available compounds such as toluene or 
benzyl alcohol. Such compounds act via regulatory genes 
such as xylR (present in TOL plasmids) . The nucleotide 
sequence of the xyl R promoter region in the archetypal 
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TOL plasinid pKWC is given by £. Inouye et al, J. 
Bacterid. 163, 863-869 (1985); see Fig. 5. 

The regulatory genes have been isolated from the TOL 
plasinid pWW53 from Pseudomonas putida . The TOL plasmid 
5 codes for the degradation of toluenes and xylenes (H. 
Keil et al, J. Bacteriol. 164 , 887-885 (1985) , and H. 
Keil et al, J . Bacteriol. 169 , 764-770 (1987)) . In the 
presence of toluene or xylene, the regulatory protein 
XylP stimulates expression from the operator promoter 

10 region p u , allowing the transcription of the 
corresponding polycistronic mRNA. 

The TOL plasmid pWW53 is distinct from other known 
TOL plasmids, e.g. pWWO, as is evident from the 
restriction maps given by H. Keil et al, J. Gen. 

15 Microbiol. 133, 1149-1158 (1987). Fig. 1 of that 

reference gives the restriction map of the complete 36 
khp insert of pWW53 DNA in the cointegrate plasmid 
pWv:53-4. The mapping is discussed only in terms of its 
evolutionary interest. 

20 Summary of the I nvention 

It has new been realised that the juxtaposition of 
the regulatory gene xyl R and its binding site (they are 
only about 1.5 kb apart) in pWV:53 is cf considerable 
commercial potential. 

25 a regulatory cassette according to the present 

invention comprises a combination of substantially all of 
the regulatory gene xylR, the binding site of its gene 
product XylR, and the associated promoter (p u ) , e.g. as 
is present in the TOL plasmid pWW53 found in strain 

30 Pseudomonas putida MT53 . The cassette is introduced into 
DNA cf the same or a different host, by recombinant 
technology. An expression vector of the invention, 
containing genes for which increased product expression 
is desired, includes the cassette. The xylR/p u cassette 

35 will allow efficient expression of genes which are placed 
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downstream of p^, in the presence of simple and cheap 
aromatic compound s r e.g. having 6-12 carbon atoms, such 
as toluene or benzyl alcohol. 

By virtue of the present invention, genes coding for 
5 certain functions of gram-negative bacteria can be 

expressed in a controlled manner in the same host as that 
from which they were originally cloned. As a result, the 
cloned genes are well expressed and are unlikely to 
produce products which are detrimental to the host 

10 bacteria's physiology. Alternatively, the cassette can 
also be used for heterologous gene expression in 
gram-negative bacteria. 
Description of the Invention 

The expression vectors of the present invention may 

15 be based on known plasmids such as RSF 1010, into which a 
regulatory cassette based on xyl R/p u is inserted. All 
DNA sequences necessary for the construction of plasmids 
(to carry the regulatory cassette) which exemplify the 
invention have been physically mapped and analysed. 

20 An illustrative expression vector of the present 

invention comprises a cassette which has been isolated 
from the TCL plasmid pV7V753. The regulatory cassette, 
which is generally required to be substantially free of 
functional DNA other than the xyl R gene and p u , can be 

25 isolated in a number of ways, using techniques known to 
those skilled in the art. 

A process for preparing the cassette comprises 
cleaving a Pseudomonas TOL plasmid (with restriction 
endonucleases) to obtain a fragment containing most or 

30 all of the combination. If necessary or desired, a 
further step comprises removing any genes and/or 
undesirable restriction sites from the fragment other 
than the xyl R gene by further gene manipulations. For 
example, deletion may comprise one or more DNA sequences 



35 



WO 89/09823 



PCT/GB89/00341 



(of any appropriate length) including a BstEII site 
within the non-coding region between xylR and the 
operator promoter region. The product comprises the 
promoter for xylR and its ribosome binding site, and the 
5 promoter for p u and its ribosome binding site. 

Convenient restriction sites flanking the combination are 
available for conventional manipulation, without 
affecting the desired function of the combination. 
The cassette can then be used to construct an 

10 expression vector. The basic replicon should be capable 
of being easily transferred and stably maintained in a 
range of bacteria, in particular the gram-negative 
non-enteric bacteria such as Pseudomonas , Xanthomonas and 
Azotcbacter . For example, the cassette can be inserted 

15 into a derivative of RSF 1010; other plasmids or their 
derivatives which have similar characteristics to the 
parental plasmid may be used to contract expression 
vectors, of the present invention. 

There are three main types of expression vectors 

20 which exemplify the present invention. The specific 

details are given for the purposes of illustration only. 

The first type of vector consists of plasmid pKT 
230 , which is a derivative of RSF 1010, into vhose unique 
BamHl and EcoR I sites the xylR /p cassette is inserted. 

25 EcoRI, SacI and Kpn l restriction fragments can be 

inserted downstream of p^. This expression vector can 
allow the controlled expression of any gene which is 
inserted in these restriction sites, in the presence of 
compounds such as toluene or benzyl alcohol. 

30 The second type of expression vector is a cascade 

depression vector using the leftward promoter free 
bacteriophage X <A.p T ) and its thermolabile repressor 
protein cI857 which is inactive at 42°C, in combination 
with the same xy 1R / cassette constructed as described 

35 above for the first type of vector. This sequence is. 
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inserted as EcoRI fragment into the EcoRI site of pPLGNl 
which already carries Ap L and the c!857 gene. Kpn l and 
SacI restriction fragments can be inserted downstream of 
p . In this vector system, the initial induction is 
5 achieved by raising the temperature, say from 28 °C to 
42°C, leading to the over-expression of XylR from Ap L . 
This over-expression of XylR in turn leads, in the 
presence of inducers (e.g. toluene or benzyl alcohol), to 
a high level of transcription of a gene inserted 

10 downstream of p u . This cascade induction system is 
particularly useful because, if the native weak x^lR 
promoter is retained, the two-level expression vector can 
be used to give moderate induction in the presence of the 
hydrocarbon inducers during exponential growth and, at 

15 the end of the growth phase, very high levels by 
increasing the temperature to 42°C. 

The efficiency of both vectors can be monitored by 
inserting appropriate indicator genes into the insertion 
sites such as the CDO (catechol 2 , 3-dioxygenase) or lacZ 

20 gene. 

The usefulness of vector systems of this second type 
can be further demonstrated by inserting the genes 
necessary for the conversion cf toluene to benzoate 
downstream of p y . The efficient conversion of aromatic 

25 hydrocarbons into carboxylic acids is a potentially 
valuable bio-transformation process. 

The third type of vector is a highly repressible 
expression vector. It is constructed in a similar manner 
to the second type of vector, but with the 

30 transcriptional orientation of the xylR/p u cassette 

facinc towards Xp T at the pPLGNl EcoR I site; again Sac I 
and Kpn l restriction fragments can be inserted. The 
transcription of a gene cloned into these sites in either 
orientation can be highly repressed by inducing the 

35 promoter downstream of the insert, thus generating high 
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levels of anti-sense mFNA, while its own promoter remains 
switched off* Induction can be achieved simply by 
repressing the anti-sense inKNA promoter , e.g. by 
temperature shift, and inducing the gene's own promoter, 
5 e.g- by adding toluene to the system. 

This third vector type will allow the tight 
repression of potentially toxic products which, if 
produced in significant quantities during exponential 
growth, would be deleterious to the host cell. The 

10 efficiency of this vector can be assessed by, for 

example, inserting genes for restriction endonucleases 
such as EcoRI into the insertion sites, and analysing the 
survival of a modification-deficient host strain under 
appropriate induction/repression conditions . 

15 in general, a host such as a gram-negative bacterium 

including an expression vector of the invention can be 
used to produce products encoded by a gene inserted 
downstream of, and controlled by, the xylR /p^ 
combination. Not only hydrocarbon to aromatic carboxylic 

20 acids-converting enzymes, but also biological 
polypeptides such as Factcr VTTI, interleukins , 
interferons etc, may be produced. Since the inducer is 
cheap, large vessels may be used first to produce high 
biorcass and then to give expression, on induction. In 

25 addition the inducers can be removed relatively easily 
from the desired end-products (e.g- by distillation). 

The following procedures, of which the products of 
the respective steps are shown schematically in the 
accompanying drawing, and identifed there by pEHK 

30 numbers, illustrate the invention. 
Preparation 

The initial task was to obtain a recombinant plasmid 
carrying both xylR and p^, next to one another, on the 
same restriction fragment. This was achieved by cloning 
35 the 17.3 kb EcoR I fragment from TOL plasmid pWW53-4 into 
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the cloning \'ector pUC19 in order to obtain the first 
plasjnid shown in the drawing (described as pEHKll) . This 
plasmid carried several superfluous genes from the TOL 
pathway in the upstream region and a short interfering 
5 DNA segment downstream, all of which should be removed. 
The TOL genes xyl LEGF were deleted by SacI subcloning of 
pEHKll, to obtain pEHKl3. 

pEHKl3 was partially restricted with BamH l and Bgl ll 
and a 5.2 kb region was obtained which carried no 

10 functional TOL genes upstream of xylR . This DNA 

construct (pEHKIS) carried a unique BamH l site downstream 
of the coding region of xylR and, less than 50bp to its 
right, a BstEII site (one of three on this insert) . 

The purpose of succeeding steps was to obtain both 

15 :cyl R and p i on a BstE II fragment, because there would 

U 111 1 

thus be very convenient border sequences on either sider 
on the left-hand end, only the promoter and ribosome 
binding site (PBS) of xyl R; on the right-hand end, p Q and 
its RBS but almost no non-essential and hence potentially 

20 deleterious DNA. To this end, pEHKIS DNA, which has 

three BstE II sites, was taken, restricted at the unique 
BamHl site which was known to be located downstream of 
the xyl R gene and only about 50 nucleotides away from the 
central Bst EII site (H. Keil et al . , J. Bacterid. 169 , 

25 supra ) and subsequently treated with exonuclease Bal31 at 
a rate which allowed the continuous removal of between 
0.1 to 1.0 kb in both directions. The DNA was then 
blunt-ended by Pollk treatment and religated with T4-DNA 
ligase. After transformation into E. coli ED8654, 48 

30 colonies were analysed for their DNA profile and found to 
have deletions ranging in length from 0.1 to 1.0 kb. 
They had all lost their central Bst EII site and hence 
gave rise to a unique BstE II fragment of variable length 
of between 3.9 and 3.0 kb containing all or part of xyl R 

35 + p (pEHK250 series) . DNA from 6 representative clon s 
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was isolated, one of which (pEEK 255) carried a 3.4 kb 
BstEII insert and was restricted with BstEII followed by 
Pollk incubation; this DNA was then inserted into the 
unique Sma l site of Ml 3 mpl9. The bacteriophages from 
5 several white plagues were isolated and their DNA was 
characterised* One construct (pEHK355) carried the 
original 2.4 kb BstE II insert with unique Sad , Kpn l and 
EcoRI sites downstream of p u restriction sites, suitable 
for the insertion of foreign genes • 

10 The construct thus obtained was excised with 

BaroH l / EcoR I and inserted into the broad host range vector 
pKT230 also cut with BaroH l / EcoR I , in order to obtain the 
expression vector pEHK455. After insertion of r say, the 
CDO indicator gene into the unique EcoR I site, the 

15 constructs could be analysed for their function in E. 
coli or Pseudoinonas , after addition of the inducer 
toluene, via SDS-PAGE analysis of the protein profile or 
via quantitative spectroscopic enzyme activity 
measurements „ 

20 In a particular case, the recombinant plasmid 

pEKK455 was restricted with EcoR I and the CDO gene (about 
1 . 6 kb) was inserted as EcoR I fragment, and the construct 
subsequently transformed into E. ccli. Improved 
expression was observed upon addition of toluene. 

25 The second and third constructs described above, 

i.e. cascade expression vectors and highly repressible 
expression vectors, could be obtained from the above 
construct in one step r by restriction at the unique BamHl 
site, filling in the ends by Pol lk, adding EcoR I linkers 

30 in the presence of T4-DNA ligase, and inserting the 

resulting fragment into a EcoR I restricted vector such as 
pBR325 or directly into pPLGNl; the orientation of 
insertion determines which type of construct has been 
obtained. 
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CLAIMS 

1. A regulatory cassette as derived from a 
Pseudoroonas TOL plasmid, which comprises the xyl R gene in 
combination with a promoter stimulated by the xyl R gene 

5 product . 

2. A regulatory cassette according to claim 1, 
which comprises no genes from the TOL plasmid other than 
the xylR gene. 

3. A regulatory cassette according to claim 1 or 
10 claim 2, in which the gene-promoter combination is as 

found in Pseudomonas putida . 

4. A regulatory cassette according to claim 3, in 
which the gene-promoter combination is as found in 
plasmid pWW53. 

15 5. DNA, e.g. in the form of a plasmid r comprising a 

heterologous cassette according to any preceding claim. 

6. An expression vector comprising a replicon and a 
tegulatcry cassette according tc any of claims 1 to 4, 
the cassette allowing improved expression of a gene 

20 insert in the vector. 

7. A vector according to claim 6, which contains a 
prcir.cter additional to and heterologous with the promoter 
stimulated the xylR gene product. 

8. A vector according to claim 7, in which the 
25 promoter is from bacteriophage X. 

9. A vector according to any of claims 6 to 8, 
which additionally comprises a gene for a thermolabile 
repressor protein. 

10. A vector according to any of claims 6 to 9, 
30 which additionally comprises a gene transcribing 

ar.ti-sense mRKA which, if induced, represses the xylR 
gene and, if repressed, allows expression of the xyl R 
gene. 

11. A vector according to any of claims 6 to 10, 
35 which has a multi-cloning site downstream from the 

gene-promoter combination. 
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12* A vector according to any of claims f to ]J, 
V7hich is regulated by toluene , benzyl alcohol cr another 
Cy_j 0 aromatic compound. 

13. A gram- negative, non-enteric bacterium 
5 including an expression vector according to any of claims 
6 to 12 v 

14* A process for converting an aromatic 
hydrocarbon to an aromatic carboxylic acid, which 
comprises cultivating a bacterium according to claim 13 
10 in the presence of the aromatic hydrocarbon. 

15. A method of producing a regulatory cassette 
according to any of claims 1 to 4, which comprises the 
steps of: 

a> cleaving the Pseudomonas TOL plasmid to obtain a 
15 fragment containing most or all of the gene-promoter 
combination; and, if necessary, 

b) removing any genes from the fragment other than 
the xylR gene; and /or 

c) adding a oligonucleotide to replace any 
20 essential missing part of the combination, 

16* A method according tc claim 15, for producing a 
cassette according to claim 4, wherein cleaving comprises 
digestion with a EcoR I or EcoR I restriction enzyme, and 
genes upstream from the xvlR gene are then 
25 uni-directionally deleted from the fragment. 

17. A method according to claim 15, for producing a 
cassette according to claim 4, wherein cleaving comprises 
digestion with a Bgll l restriction enzyme, and a 50-80 bp 
oligonucleotide is then added to the fragment. 

30 
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